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In this talk:
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Tevatron detectors and B physics triggers

b-Baryons observations and properties (£, , ©,)
b-hadrons lifetimes (particularly A,)

Bottom-onium polarization

Charm-onium-like resonances, X(3872) and Y(4140)

Conclusions
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What is not in this talk:

DO

CAVEAT: “Heavy flavor properties” is a huge and very rich

field for Tevatron experiments, only CDF

published 58 Run Il papers till now !

- choose not to cover:

7/1/10

b-bbar and c-cbar production and correlations
Charm physics (D° mixing and direct CPV)
Charmed Baryons

and ... many other heavy hadron studied decay modes
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B Physics at Collider

All B species produced:

B,,B4,Bs,Be,Ap, Eb...

*With production fractions:

fu:fd:fs:fa=4:4:1:1

BB B JB* B, A,

*Acceptance for other B is 20-40%

SUT: o(bb) << o(pp) (~65 mb) = B have to be selected with specific Triggers

the CDF Secondary Vertex Trigger SVT

*Online (L2) selection of displaced tracks

based on Silicon detector hits.

Primary Vertex

o Secondary Vertex

Impact Parameter (~100um)

CDF Runll Preliminary

L =65 +4 pb™
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oD — Km
N, = 451000 +1400

Events/0.4 Mey/c?
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b production is very large (~300 Hz @ 1032 cm2 Hz) = trigger on specific decays
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The run Il detectors DD

Central Calorimeter (EH)

Central Tracking

Calorimeter

Tracking

Forward Calorimeter (E)

Luminosity Monitor

ime of Flight
«dE/dX in COT Vortox Dotoctor
1

wieulawe silicon
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B physics triggers at TeVatron w

Conventional at
colliders (Run 1/ D0)

Di-Muon (J/p)
Pt(u) > 1.5 GeV

J/ modes down to low
Pt(J/Ap)~0 (Run II)

With SVT trigger (at CDF)

1-Displaced track +
lepton (e, u)

120 um < L.P.(trk) < 1mm
P;(lepton) > 4 GeV

> C s
© 1400/ “ro;

Semileptonic modes

CDF Run Il Preliminary 355 pb | ©DF Run ll Preliminary Lot

Q 16001 oo b (DL 5ox) . I'D: - B

— fit
B, — D, *

satellites
| combi bkg

# { BB »>Dnx
t LA AR

Of85 190 195 200 | &” -
mass(KKn) (GeV/c?) 0
5.0 5.5’ 6.0
Sandro De Cecco - Uni. Paris VI & VII, L Mass(¢(K'K)r,n*) [GeVic))
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Candidates per 20 MeV/c?




b — Baryons
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b - Baryons

- This is totally a Tevatron field (b baryons copiously produced)”
« 2, and 2,(*)- observed in 2006 - updated with 5 fb™’
+ By observed by in 2007\ ied with 4.3 fb-
. Q.- observed in 2008 J=1/2 b Baryons
- Several analyses involving A%, o——

-:bbW 5);17
sbbh
J =3/2 b Baryons £,

[ 40) ~0)
Kb <~p

b

3b

* Qb

2b

1b

0b
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Search for £, and Q.  in the decays
2 —=>J/YE,J/Y = uu, E— A
Q- -—J/Y Q, T/ — puu, Q— AK
5-track, 3-vertex kinematic fit

uwu constrained to J/¢ mass
Trajectories constrained to appropriate topologies
Reconstructed = /Q constrained to u*u vertex

Long life of the E and Q- leaves hits in =/

the silicon detector (unique to baryons) —_—

Primary Vertex
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Inclusive - and $2 - samples

Base sample is given by

11077 < M(pr) < 11237 ©
_ PE/Q)> 20 z
_ Flight(A/£/€) > 1 cm § o
- Impact(Z/Q) < 30 £ o
- P(x?)> 10+ S
— P(®)used > P(X¥)swapped
_ Veto 1.311<M(Ax)<1.331 for
AK sample (Z- reflection) ‘
Yields in the J/y sample:
- E-: 41,000 T ey Cev/e?
- Q1 3,500 Dashed histograms are WS Axn*/K*
Shaded are selection and SB region
nno Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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=, and £, signals
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J/WE-, J/p Q samples
Obvious Z,” signal when ct > 100 um
Cluster in the J/y Q around 6.05 GeV/c?
Test of Q. significance finds 5.50 (with no ct cut)
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=, and Q, mass measurements

b-baryons spectrum - TH predictions vs EXP

- M(B)-M(Ay) [Annals Phy3.324.2_15‘2w9]’ =
(MeV) (courtesy M. Karliner) {0
400

......
. .
........

! lgpgrmng H”nmﬂ'ﬁﬂww
\" ( Y >~,’ JRCTLLLTIN
K - “ or % 1
b9 100 |
- T™H: o 194 1748452 4319468
0.5 HI ! HH H ” [HI CDF: » 192423 1707432 134.2+7.0
0 o= 0
2.8 0.9 ‘:‘

Ly z, 0,
qqb qsb ssb

m(Z,) : 5790 9 + 2 6(sfa1' ) + 0. 8(sys1' ) MeV/ c?
m(Q,") : 6054.4 + 6.8(stat.) + 0.9(syst.) MeV/c?

Systematic uncertainty
0.55 MeV from BO(K,) error scale by 80% for kinetic energy in the decay
0.5 MeV from A, resolution treatment (considered largest possible)
7o 0.3 MeV from Q mass
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=, and Q, lifetimes and production rate

Q, o =
b Lifetimes b
5CO ~ 1608
g S 8-
2 400 CDF,4.2 fb~ = q‘ :;;ﬁ;
:5; 300 __ - :-S o
.8 200 : \n\ 1; :
DR S : l = S ' +
3 o : S
O -0.02 0 0.02 0.0 0.06 C.08 K -0.02 ¢ 0.02 €04 D06 Q.08 0.1 012 DT
9. b —>J U" 0 cm ;-o —J ".i";-
7(Q2,)=1.13") 5 (stat.) £ 0.02(syst.) ps 7(Z,)=1.56")3(stat.) £ 0.02(syst.) ps
... and production rates relative to A,
OB(E, = J/YE") +0.037
=0.167",,, +0.012
oB(A, — J IYA)
oB(Q, — J/yYQ~
(52, ) _ 0.045%¢,; +0.004
oB(A, — J /yA)
7110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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CDF - DO comparison

o 20
L [ -1
> DO, 1.3 fb Measured and Predicted Masses
O [ e Data for the =,” and .,
z; 15 .
o i - Flt Jenkins (PRD 77,034012(2008))
— Lewis et al, (PRD 79,014502(2009))
- 10— ~. Karliner et al, (Ann. Phys. 324,2(2008))
02 s Systematic Uncertainties
c s
o i
w -
5 - a CDF
i . [ T e —b — DO — PRL 99, 052001
I i i i T i i i o
1 1 ﬁ L1l -
56 58 6 62 64 66 68 7
M(©;) (GeV/c?) S
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o CDF |5

Qb_ _a CDF

DO — PRL 101, 232002 N\

/10 MeV /c

[

-

QW
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GeV/c?
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5.9 B ¥ 6.8
~

A A -
Vil (1AW

@;ﬂrﬂ TSI Hﬂ-ﬂﬂﬂﬂ;ﬂﬂ---

m(Q,") : 6054.4 + 6.8(stat.) + 0.9(syst.) MeV/c?
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b — hadrons lifetimes
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b — hadron Lifetimes at Tevatron w

SLD (ABE 97)) » + -> + 4 - -
> - * " DU (ABDALLAM 04E) Lang ) + +
nm'«wuujunx'- > .- . ‘ 1?22882:832 - = - 1.531+0.021+0.031
l ) ’ s o a 2 - . ; DO (ABAZOV 05W) ’ + —— + 4 1.530+0.043+0.023
COF (ABE 98Q) y - . . v 1.63720.058*7%%% , sus COF (ACOSTA 05) ’ + - * 'llSGO_OIOSO_O.O?O
W O ) Ly v - . “+ .
J ( )N 991 L * - +* . . el O B * 0.
OPAL (ABBIENDI 99) ‘ - - ‘ 1.64320.03720.025 COF (ABLLENGA OFA) > gy . 1 824.40.03020.016
ALEP (BARATE OOR) y — v N 1.648+0.049+0.035 DEVEV, =

BABR (AUBERT 01F) —————t—a 1.673+0032+0.023 BABR (AUBERT 03H) ’ ¢ . .:.: & ‘: :. 1.533+20.034+0.038
COF (ACOSTA 02C) > + - « 1.636+0.058+0.025 BABR (AUBERT 01F) " y = N v N 1.546:0‘03210.0‘22
DLPH (ABDALLAM O4E) H—— 1.624+0014+0.018 BABR (AUBERT 02H) o e 1.52910.012&}(1.329
8511 LARE 038) et 163520.011+0.011 HAnR A B . 1.50420.013"" " 001
CDF 11 4.3 fb " 1.63920.009+0.009 SELL At O3F 1.534+0.008+0.010
CDF n14.3m? == 1.50740.010+0.008
PDGO8: 1.638+0.011
| | B+ PDGOS8: 1.53+0.009 BO
1.5 1.6 1.7 1.8 " 1'6
T (ps) t (ps)
D (scmoos) g 10920072003 Results shown against PDG and other
CDF [ASF 950)) i * * t 1 1.110+0.056%%%33 .,
oPal (askEuDI Ve ————————— ] gyoe0.064+0.041  IMIEASUrEemMents
ALLCF |CARATC QOR) ¥ i ' 1.085=0.059+0.018
COF IACOSTA 02C) ’ * * $ i 1.093+x0.066%=0.028 1 +
o N Toarooee=002®  Most precise measurement of the B*/B,
DLPH (ABDALLA- O2E]  H——@— 1.06020.02120024 ratio
D0 (ADAZOV 05D) HH——+ 1.080x0.016=0.014
3CLL | ADC 0SD) —-H 1.066+0.008=0.008 . . ® it .
CDF 1l 4.3 fb™! HaH 1.0858+0.009+0.004 In agreement W|th theoretlcal pl'edlCtlon.
PDGOS: 1.0710.009 . | ©(B*)=(1.063+0.027 Jt(B,) (theory)
0.9 1.0 1.10 1.20
©(B*)=(1.088=0.009 +0.004)t(B,) (exp)
(B*)/x(B?)
7/1/10
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€ie A, Lifetime in Ay—>AgT (03

- Important test of models that describe interactions between heavy and light quarks within bound states
- In simple spectator model all b-hadrons have same lifetime

- Precise theoretical predictions difficult due to QCD effects T(Ab)
- OPE/HQET predicts lifetime hierarchy of b-hadrons: T(B?)
T(Bc) < T(Ab) < T(Bs) ~ T(BO) < ’T(B+) Theory 0.88+0.05
- Experimental status before this measuremer Exp. 092110036
T T 1 IOI LI T T TTT | T T 11 I T T 1 l T T T 1
ALEPH AT+ AT o | T - Possible disagreement between CDF
OPAL A, | = : : 1.29);,+ 0.06 measurement in A, — J/¥ A and other
DELPHI A, | . " , 111019+ 0.05 experiments
CDF Runl A | ——e—— 1.32+ 0.15+ 0.07
o - New CDF measurement in fully hadronic A,
BORURERAZOVDSE) ’ 1.22. .15 0.04 — A\.TT expected to resolve discrepancy
— possible due to CDF capability to trigger JT
DO Runll (5179-Conf) — 1.298+0.137x0.050

on tracks displaced w.r.t.
interaction point

DO Runll A, | — 1.28"0%£ 0.09 / K
+0.083 A-C
CDF Runll (hep-ex/0609021) —a—a  1.5937+0.033

PV A

| PDG 2006 1.230 +0.074
L L1

| | | | | | | | | | L
0.5 1.0 15 2.0 =Y
7/1/10 Sar}ﬁti()) ﬁ*e@@‘n@ -[pg] ParistYI & VII, LPNHE IN2P3/CNRS




Ab Lifetime in Ab_)Acmsed lifetime distribution

120mm < IP <1 mm

- Large sample of ~3000 signal events in ~1.1 fb"
- Displaced track trigger requirements: 120 um < IP <1 mm
— biased lifetime distribution
- Trigger and analysis cuts bias determined from simulation

Events / ( 0.0015)

0.0005

CDF Il Preliminary, L=1.1f6" | |~ Ay, Four-Track g
SRPEPEE A, Semi-leptonic
© N e A,, Other
= 1100 - — B Four-Track )
E 1200 —— B Semi-leptonic = e~ 0. X . s
N y — B Other
S - . . . .
S0 |l |7 A, > AK trigger efficiency from simulation
P N T | R ISR Ab N Ac p £ : N (Ct)
[F] i - [ R [ Ab - ZC T 5, 0.0035 ' pass
© 800f=, g 10 - :
= . Ap —>A X © 0.0030F N (Ct)
T eo0f % —— Combinatorial T F
g . O 0.0025
Q -
(& > -
400 g 0.0020—
9 -
W 00010

m(A: ) GeV/c?

005 000 005 010 045 02 025 030
- Trigger efficiency in unbiased J/WY—uu sample determined in both data and simulation

- find good agreement but still leads to largest systematic uncertainty of ~6 um
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N\, Lifetime in A,—A_1r

- Most precise A, lifetime measurement: http://www-cdf.fnal.gov/physics/new/bottom/080703.blessed-Iblcpi-ct/

cT(Ap) = 422.8 £ 13.8 pum (stat.) &= 8.8 pum (syst.)
7(Ap)[this]

= 0.922 == 0.039
7(B°)[PDG] +

- Good agreement with theory prediction (0.88 £ 0.05 th ref...)

- and with previous world average o
Ay Lifetime Measurements

. . 1 1(|)0 | | I I 2(|)0 I I I I 3(|)0 I | | | 4(|)0 I I I I STO I I I I GTO I | [Iunl.l
CDF Il Preliminary, L=1.1 fb’
ALEPH A1 + A1l —— 1.21+0.11
g B — B Four-Track o2
e T Ay — A, K OPAL A, | o 1.29 7 )2+ 0.06
N - . - .
S = . — Combinatorial DELPHI A, | ° 1117012+ 0.05
o B & 0 |- A, Four-Track '
< - b | A, Semi-leptoni¢ | CDF Runl A, | — et 1.32+0.15+0.07
(«b) |
o ' PO A, Other
N L
% 10 AW } N*l DO Runll A, | D 1.290 10120 +9.087
C el TN
g - e | } DO Runll J/y A —a—— 1.218 %1% +0.042
c )
8 B : CDF Runll J/y A — = 1.593700°°+0.033
1 ; - A ":‘.‘ | ®
] “:“ \\
N | CDF Runll A, © (PRELIMINARY) - 1.410 +0.046 +0.029
E o o Tt o o I.—"l |“:’T I R TR T s Sy M S B +0.049
0 0.05 0.1 0.15 0.2, 0.2 | lF’DG 2008 1|-383 0.045 |

ct(A ) [cm] | ] ] ] ] ] ] ] ] ] ] ] ] ] ]

o0 y 05 1.0 1.5 2.0
Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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New A, >J/WA lifetime measurement

500

Events’2 Mev/c’
L

400}

300

7/1/10

CDF Run Il Preliminary 4.3 fb™

- Data £
+.}. Data fit % i f |
+ WM sideband region E 0L [ \'
[ A a [ |
"+ 'l- 10° ‘f
f t J
j(*--'._‘* t t ‘0 ; I ;
1
o8 r.o-s:' (Zu..- I\)[Gﬂ\sl:::gj 015 -0.1 -0.05 -0
CDF Run Il Preliminary 4.3 fb "’
£ ol —m
Sk, =B
& 350 — H 4 —— Signal+Bkg
3005 : ho
2505: i/
200 — ft N
150+ ’}{}’ iﬂ)’
we Vi,
: 2 M"’*"‘ws

% “0.001 0.002 0.003 0.00¢ 0.005 0.006 0.007 0.008 0.009 0.01

ct uncertainty (J'u A) [cm)

0.05
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CDF Run Il Preliminary 4.3 b

Data
Signal
—— Signal+Bkg

Jid |

0.1 035 02 025 3 035
ot (W A) [em]
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A, lifetime results

ALEP EP) C2 197 ——d Ab 1.21+0.11+0.00

OPAL PL B426 161 ’ ——t 4 1.29%*94% , ..+0.06

DLPH EP) C10 185 ———t 1.11*°%% ,,:+0.05

COF I PRL 77 1439 ———t—i &% + .

DO H PRL 99 142001 —+t— 1;?5‘015—0010042 Prevuo.us

DO Il PRL 99 182001 —_——t 1.290*°% 140 i PP O result in same

CDF 1l PRL 98 122001 JwA (10 fb?) 1.593%0083 . +0.033 +— channel
New —E U 2408 Az : 0o 1.401+0.046+0.035

»| COF 1143 fb™ -_ 1.537+0.045+0.014

Result

PD?06: 1.23+0.074 | [ |

0.5 1.0 1.5 2.0

T (ps)
Most precise A, lifetime measurement
With 4.3 fb-' the A, lifetime remains higher in comparison to other measurements.

Measured Ratio: ©(A,)/ ©(By) =1.020+0.030(stat)+0.008(syst)
Theory: ©(A,)/ ©(By) =0.88+0.05, although there are theories that favor a higher ratio 0.9-1.0
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O-onium production
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J/W polarization issue

1: ! ' ! ! ' | ! ! ] 1 | ] l ! J |} l:‘

081 J/Wb Pnys. Lett. Rev. 99, 132001 (0.8 fbo™')
0.6F -
0.4 - o CDI Dara —
02 NRQCD ]
e ke factonzanon -

~ : T S :
S O evev i
-0.2} $ =
-0.4: -
0.6 -
08 T ,

.1 . " PR T R T PR J_:

10 15 20 5 2y

Py (GeVic)

dN/d(cosb*) a 1 + a. cos20*

NNLO calculations predicts J/Y and Y cross sections but not J/Y polarization

Inconsistent with NRQCD prediction ... charm quark mass is not infinite...
—> test in the bottom-onium system >

7/1/10
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Y(1s,2s) production at Tevatron [

.. -1
Upsilon Mass | " X DA, Run 2 Preliminary, 1.3 fb
= - CDF Il Preliminary, 2.9 fb 225 £ Ny BVARET:
- r F: 723 200 £ X /N9 L/ a
= L 7 E _— —
g 14000: Dilf: naT 150 3 2 Gaussian fit
125 E
W 12000 100 £
10000 - 50 2
b G e e it i e
8000 - ; 10 17 12 13 14
[GeV]
- inv. mass for cosThetax bin: 0.4-0.5
6000’_ 295 = ER -
i 25 F 2/ndf 1057 / 115
4000 = ) . : 3 Gaussian fit
105 E
2000 100 £
g"_. A i P T 50 E
5 .0 95 10.0 10.5 IOI.O Zg Ry A S R T A6 —mn
Mass (GeVic") B 18 " = " .
inv. m fo Thetas 0.4-0 o

« CDF: ~83000 Y(1s) in 2.9 fb-T with |n|<0.6, good mass resolution>resolve the 3 peaks

« DO: ~260000 Y(1,2,3s) in 1.3 b with |n|<1.8, higher yields, cross talks

71710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS o4



Y(1s) polarization at Tevatron

Y(15) «] 5 CDF Preliminary, 2.9 fb-1

D@, Run 2 Preliminary, 1.3 fo™"

T1

S S
(o))
T
o
()]
|

-
|

o
o

l IL,;TI T[T
....

©
EEN
T

|

Y(1S) Inclusive
L L l L A A A ' A A A A A L A i 1 I 1 1 11 I 1 L_1_1 1 1
10 20 30 40 15 175 20
Pr [GeV/c] pr of T(1S)  pi(T)IGeV]

o
(0]
IRRE RRRE

« NRQCD prediction has poor consistency with data

« CDF & DO are largely inconsistent. New CDF measurement agrees with Run | result
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Charmonium-like resonances

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Exotic Mesons(?) — QCD predictions

e Multi-quark mesons
molecule, diquark-antidiquark

e Hybrid mesons

quark-antiquark-gluon ~
e Glueball

gluonic color singlet states “

Explore more channels to understand

How about J/Wd 7 (threshold @4.116 GeV, VV, C=+)
(cC] with a mass above 4.116 GeV, expect tiny branching fraction

7/1/10 Sandro De Cecco - Uni. Paris VI & VII,
LPNHE IN2P3/CNRS
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@ X(3872) Mass Measurement at CDF (2008)

CDF Il Preliminary 2.4 b
4500 [~
N -
Q -
S 4000 - X->JV¥nn
(0] N .
= 3500 |- with J/¥ > uu/ee
To) -
N 3000 E— .
gzsoo - ~6000 signals
T 1500 | ol The largest sample to date
© - $ ol
C 1000 [ z
. - § 1o Use neural network to select
O 500 - 385 slas 3:37 séns i 3;9
o Jiyn Mass (GaVicT)
0 : 1 1 1 | ] 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 ] 1
3.75 3.80 3.85 3.90 3.95 4.00

J/ynr Mass (GeV/c?)

Testing the hypothesis of possible two states: A m < 3.2 (3.6) MeV/c? at 90% (95%) C.L.
Consistent with one state hypothesis of mass:

m(X(3872)) = 3871.61 £ 0.16 (stat) £ 0.19 (syst) MeV/c?

7/1/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/ 28
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X(3872) Mass summary

X(3872) Mass Measurements

Belle } @ .
3872.00 + 0.60 + 0.50 MeV/c?

BaBar (B")

3871.30 + 0.60 + 0.10 MeV/c®

BaBar (B") ¢ e 4
3868.60 + 1.20 + 0.20 MeV/c?

DO $ @
3871.80 + 3.10 + 3.00 MeV/c?

CDF old
3871.30 + 0.70 + 0.40 MeV/c?

CDF new (preliminary) ‘ +o+ ‘
3871.61+0.16 + 0.19 MeV/c®

-
-

old average ——
3871.20 + 0.39 MeV/c®

new average e

----------------------------------------------------------------

m(D%)+m(D"*)
3871.81+0.36 MeV/c?
| | | | | |

.....................................................................................

3871.51+0.22 MeV/c® | ............. |

3866 3867 3868 3869 3870 3871 3872
X(3872) Mass ( MeV/c®)

the most precise measurement to date, still within the D*D threshold uncertainty

7/1/10
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X(3872) properties

CDF studied performed angular analysis to disentangle s and p waves

450; lcos(6,,,)] < 0.6 lcos(6,,,)] > 0.6 CDF Run I
Q 4OOEJCOS(97! Tt)l |cos(eﬂ: n)l |cos(en n)l Icos(en n)l L I~ 780 b-1
£ - <0.5 >0.5 <05 >0.5 P
S 350 -
S 3005 + X(3872)
= i + » data points
— 250
B 200k l + T acc. corrected
> F ! prediction for
N 150F ++
% 100f= B f _I_I_ o Op
< LH- — L
50 _ 1++
- P
o+ e b — —+
0 0.63 1.15 w2 0 0.63 1.15 w2 _2p
0 0.63 1.15 /2 0 0.63 1.15 w/2
lIA © - 7| - /2]

JPC = 1+* or 2-* ? Not yet clear, to be updated with more stats

Fraction of X produced from b was estimated to be ~ 16%

7/1/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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‘ Other states, charmonium hybrids -J/y® ?

NeW States: e Open charm Hidden charm e PRD 57, 5653 (1998)
T - F. Close et al
0 Quantum JIf o0 () g}
PRL 95, 142001 numbers h.w m.hy
y, 40— — , forbid Xeo®
E i Y(4$§93c—>\]/ 1 D( :{:iDh{: ) /\’r{l,l}{w*hl*)'}
§ 30: Mzﬁnis\?is * 0" D*D h (7))
g | ' T=88%23 ] GRS
mZO» ’ MeV ‘ j /\'((lhl: 7]({(1).({)}
: N \ Xefi20 @0y, v}
o 1) A TS - - o g i
............ | et ‘ll - o o| || ‘o “ T l D%:D, 1)-':D::: X(-lf‘(“'_?:,( ‘n’ﬂ')g
i L URTITER A
9 44 46 48 s Xe(1217
m(mwIy) (GeV/c) ot .
the J1gHoh. 6.7t & @ccessible at Tevatron
Well above DD && DD* threshold, 2 D#D, D*D*

tiny Branching Fraction expected

JPC=1-, plus Y(4350), Y(4660)
toomany 1~ ?

{h, sJ/‘!’JULfm.l,::» () gh
{he JIg} 7"

{77( XNe :_(\,l.l}}{w-'hl s d), )’}

J/yd is also accessible to 0+, 2-*
(0-+,1*,2*) masses are expected near Y(4260), E. Eichten

7/1/10
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Search structures » J/y¢ through B decays

« Experimentally easy to search through clean B—J/hp¢K channel
-- taking advantage of B lifetime and narrow B mass window
-- B=>»JhpPK is OZI suppressed, so low physics background

PRL 84,1393 e 203109%-001 PRL 91, 071801 { K

oo

s ('l‘) W.\ ~
- <

uie) K<) - -

w

u(d) q & q
vacuum polarization gluon coupling
w' / N

. : - / J/w \\

primary secondary w
vertex vertex '; Search?
L | '

‘Il.lllz(y-lIll )K_'_ \ﬁ\ “

B+

Vertex separation Particle Identification

71710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Search for structures in J/\y¢ mass--Data

After L, ,>500 um, kaon LLR>0.2

CDF Il Preliminary, 2.7 fb™ CDF Il Preliminary, 2.7 fb™

LY < %
D - > O
= 300 Q -
w 255_ 9 4.0
@ < B2JWoK - -
2 20 < 350
5 ¢
5 150 T 3.0F
€ 10 £ -
S o 2.5
S b : ]
SinlIRTRE &5 ¢ | it T T 2 0! | | | |
22 524 526 528 53 5.32 .34 : 16 18 20 22 224 A
m,..x (GeVicY) m2(J/vo) (GeV?/c?)

a near threshold enhancement is observed in the Dalitz

71110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Search for structures in J/y¢ mass--Data

Candidates/10 MeV/c?

7/1/10

9 CDF Il Preliminary, 2.7 fb™
8 * Results including systematics:
7 =] Yield =14:5
6 - Am  =1046.3x 2.9 (stat)x 1.2 (syst) MeV/c2
= | Mass =4143.0 = 2.9 (stat)+ 1.2 (syst) MeV/c2
5 - [ Width = 11.7 *83 _  (stat) = 3.7(syst) MeV/c?
4 - (Convoluted with resolution of 1.7 MeV)
3 - Three-body Phase Space Background shape is used
2 E_ [ i l |_ _| |_ ] J—‘ { [ T _| Width indicates a strong decay
— =" i ' L]
AN, L
0 : | 1 | 1 1 1 I 1 1 1 1 I 1 | 1 1 |
1 1.1 1.2 1.3 1.4 1.5

AM=m(u*wK*K)-m(pn) AM (GeV/c?) Tentatively named: Y(4140)

V(-2log(L..,/L, ))=5.3, need Toy MC to determine significance for low statistics

Significance: at least 3.80 for most unphysical conservative background
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Summary:

7/1/10

Pioneering b-Baryons properties (5, , ;) studies.
Y polarization, a puzzling cross check for QCD predictions

b-hadrons lifetimes toward very high precision measurement, constraining
theory predictions. The A, shows some discrepancy.

Evidence for Y(4140) state, other states popping up? New charged state
Z(4430)*—y(2S)* observed at Belle, CDF is searching.

Many updates ongoing with 5 fb-' data, coming soon.

Still more (unexpected?) to come with full TeVatron statistics

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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7/1/10

Backup

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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CDF hadron PID

Main background: prompt pions, need PID to suppress

dEdx residual CDF Time-of-flight: Tevatron store 860-12/23/2001
1.50
1 0.0350 :
Q r : L
o C ' -
g 0.03 - T K s
& 0.025 =
c - >
g
o 0.02— A
o - 7
LL B
0.015[ g
0.01 I
- O
0.005[~ a
0: NS AR ;-L-n-'r'rll;d;\||||:||||| 1‘]“!-—JIIJI|IIII -2 -15 -1 -05 0 OS ] 1 fs 2
5 4 3 -2 -1 0 1 2 3 4 5 Momentum (Gevit)

dE/dx parameterized using D*

O—DOTT*O) sample Excellent resolution

dE/dx efficiency ~100% Time-of-Flight acceptance+efficiency ~60%

Make use of both dEdx and ToF for hadron PID

summarizing dEdx and ToF into a log-likelihood ratio

71710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS 37



‘ Updated analysis of Z,** to 5 fb1

) — A0 (Observationof Z.*, %, ,Z,*and £, in 1.1 fb-1)

\
Aob N Ac* T PRL 99, 202001 (2007’
+ -t |
A'e— P K7 COF Run Il Preliminary, L = 5.0 fb” |
6000 |-
n Ag — A: T,
., 5000} Ae = pK =t
L
4000}
s
§ 30001 N(Signal) ~ 13000 cands.
- [ M~ 5619.0 MeV/c?.
g 2000 Signal/Bgr = 2.2/1.0
1000
80 55 60 65

M(Alr) [GeV/c?]

24x increase of A% sample
wrt published analysis

7/1/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS
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‘ Updated analysis of Z,** to 5 fb1

+ (") ()
zo L~5fb" CDF Run Il Preliminary Z, ' Le5fb" CDF Run Il Preliminary

% ! : X.; = AT A AT “g I, AT A AT

0 i l . 5> At Ay = Al T > ‘

= 200 b b c = 200

™ ] ™

5| 5 150

% 100 g 100

o i o |

z L
N 22
8 Of T 0
'8 ’2L 2 3 :; | — A — A
o 0. 0.9 0.15 0.2 o 0.05 0.1 0.15 0.2
= O = m(Aox) - m(A°) m_ (GeVic?) . Q = m(Alx) - m(Ag) -m_ (GeVic?)

Analysis Goals
Improve mass measurements
Measure natural widths of (3/2)* and (1/2)* states
and mass splittings with no theoretical constraints

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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‘ =~ and Q- with silicon hits

Inclusive A and AK with

previous selection and L oo
silicon on the Z-/Q track = o
» =2-:34,700 2 3000
o Z000
> Q1,900 g
Shaded areas are our mass ¢ °
selection ranges. S s
» Shorter lifetime of the Q- o
(1”7 vs. 27) implies lower 0o
efficiency .
» Many decay before reaching vo
the silicon detector. ol
7/1/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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X(3872)--2003

o PRL 91, 262001

~ - - UU 30 LI I' T T . | T T | I I - + _

dmdd]  dn 2 ) signal region X(3872)—Jpr
wasig | e | i r-o -0 M=3871:8+0.740.4 MeV
115 |0~ = .o 7.(15) % - I'<3.5MeV @ 90% CL
135, |1 » o pwasy| = 15 ]
11P 1+ by(1235) hy(1170), Ry (1380) h.(1P) % B B
3 &4 i :
1%PR, 0" |ag(1450)° | fo(1870), fo(1710)" || x.0(1P) 2 - : H

1 ! ! |
13p |1t | @(1260) | f1(1285), £1(1420) ||xe1(1P) or as ‘/{{ 1 ]
| 1 | 1 1 | 1

1 3Pz 2 az(1320) J2(1270), f5(1525) x-2(1P) 3820 3860 3900

1 {
11Ds 2 #2(1670) | n2(1645), n2(1870) M(mt 7t J/y) (MeV/c?)

11008 |17 | a(1700) | w(1080) $(3770) mass ~70 MeV > predictions (2003)

[1*p: |2 ?7? ntm peak at high value like a p (2003)

12Dy |37 | pa(1690) | ws(1670), ¢3(1850)

450; [cos(6,,,) < 0.6 [cos(6,,,) > 0.6 CDF Run Il
12F, [4'" | ag(2040) | f4(2050), fu(2220) g oo o0 ooy ooy oo L=Te0pbT

X(3872)

2150 0" | =(1300) 7(1295), n(1440) 7:(25) * data points

— ﬁﬁ acc. corrected

prediction for

225, 1 p(1450) | w(1420), $(1680) || ¢(25) | JPC = 1++ oy 2-+_‘-;

23p, |2t | ax(1700) | f2(1950), £2(2010) = [ %
: = L
315, 0t | =(1800) n(1760) — 1
g O.Gé 1.;5 /2 I } 0 0.63I 1.‘=15 /2 I l — 27
0 0.63 1.15 w2 0 0.63 1.15 n/2
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@ Y(3940)~Jryo, Y(4260)~Jyn*w-2005 LY

PRL 94 182002 . - o PRL 95, 142001
1 Y(4260)—Jhprto |
M=4259+8 MeV |
‘ [=88+23 MeV |
|

s
c
| |

Y(3940) 0
M=3940+11 MeV |1
t '=92+24 MeV

30

20

Events / 20 MeV/c’
&
|

[
=)
T T T 1

10 10—I

o |+| T
3880 4080 4280 m(7THT /) (GeV/cz)
M(wJ/y) (MeV)
Above DD && DD* threshold, Well above DD && DD* threshold,
tiny Branching Fraction expected tiny Branching Fraction expected
New mass and width from BaBar: JPC=1- plus Y(4350), Y(4660)
M= 3914338 , ,+2.0, '~ 34*12 ; +5 MeV too many 1- 7
at the JApw threshold 7
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Multi-quark states=>J/y¢p ?

7/110

JHE MiMeV) Decav Channel

gt 3834 -

o+t 027 J/ w
e

() 1277(+15) J/ o)/ w, DD

() 4312(+30) J/ o \T /Y w, DT Dy

() 1297(-5) 1 »... P 5 e

AxY0)

3870

39015

1321(+15)

1356 (4-30)

330

(7

n(n’), DY *'/);' = J [

134 1(-5)

U’

I,'c,_.;" I, /)'Q A /7; :' - J /b o (9X0)

[ SO0 —-11))

o

7187 23 POl £ R0 D S )

,||‘(]\.l.

42591

-41)

i) D D=5 T

fo(980)

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS

<«— arXiv:0902.2803 (new)

N. V. Drenska et al

J/yod is well motivated!

How to search?
Inclusive? Challenge!

Through B decays!
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What is it? w

Charmonium Spectrum

< Y(4140)
4100 0,
_ - — — » Well above
2900 —— . — —— DD+ D'D charm pair threshold
3700 - — * Expect tiny BF to J/y¢
3 I s
Z spon | —_— — o Does not |
g - fit into charmonium
3400
* Close JAp¢ threshold
like Y(3940)
3100+ —
S —— - — arXiv:0903.2529[hep-ph]
i e Sl Ll ol molecular?
E. Eichten Fermileb - Wine and Cheese - Oct. 13, 2006 -
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{0 Z(4430)* —y(2S)n*--2008 D

PRL 100, 142001
[ Z(4430) —p(2S)nt @ 0 [

W M=4433+4 MeV | 2
=44 +17 MeV |

N
o
o

Events/0.01 GeV/c?

3.8 4.05 43 ,) 455
M(n*y') (GeVicT)

7/110

Needs confirmation

The first charged charmonium-like
new state, if confirmed

Many more new states...

They do not (easily) fit into charmonium

Beyond (qq) mesons: exotic mesons?

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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